Although established recommendations for optimal enteral and parenteral nutrient provision help to guide nutrition management of preterm infants in the neonatal intensive care unit, nutrient intakes during the transition period, when parenteral nutrition is weaned as enteral feeds are established, remain suboptimal and are associated with growth failure. Our study reports that a nutrition protocol specific to the transition phase results in improved growth rates in preterm infants.
Introduction
With increasing survival of preterm neonates, optimizing nutrition is emerging as an essential component in the medical management of this population. Although current nutrition recommendations aim to achieve postnatal growth rates approximating the intrauterine growth of a normal fetus of the same postmenstrual age, 1 we recently observed growth failure rates in our unit of close to 50%, with other studies reporting growth failure rates of 30%-97% among preterm infants. [2] [3] [4] Poor nutrition is associated with adverse short-term outcomes, including sepsis, chronic lung disease, and prolonged need for mechanical ventilation, as well as impaired cognitive and neurological development in the long term. [5] [6] [7] [8] [9] Therefore, maintaining adequate nutrition and growth in this high-risk population is an important goal in the neonatal intensive care unit (NICU).
Nutrition support of preterm infants begins immediately at birth, with early introduction of parenteral nutrition (PN). Trophic feeds are initiated as soon as possible, and as the infant matures physiologically, PN is slowly replaced with enteral nutrition (EN). 10, 11 Thus, the nutrition course of preterm neonates involves 3 phases: PN, the transition phase during which infants are weaned from PN as enteral feeds are established, and full EN. We previously showed the transition phase to be 664560P ENXXX10.1177/0148607116664560Journal of Parenteral and Enteral NutritionMiller et al research-article2016 most vulnerable to inadequate nutrition, negatively affecting growth outcomes at discharge. 4 Infants demonstrating growth inadequacy during this phase were 5 times more likely to be discharged with weights below the 10th percentile for corrected gestational age (CGA), with poor growth during this phase likely related to suboptimal energy and protein provision with a volume-based PN transition protocol. Our unit has since revised the PN guidelines to optimize nutrient provision throughout the duration of the transition phase, moving from our previous "volume-based" transition protocol to a "nutrientbased" transition protocol. Under the new protocol, nutrition management focuses on maintaining optimal energy and protein intakes throughout the transition phase, despite weaning PN. Our objective in this study was to assess the effectiveness of these revised nutrition practices during the transition phase in improving growth parameters at the end of the transition phase at 35 weeks' CGA. We also proposed to elucidate the contribution of protein and energy intakes during the transition phase in the differences in growth outcomes.
Patients and Methods

Study Population
A chart review was conducted for a 2-year period prior to introduction of revised PN guidelines (June 2008-June 2010) for data on the control group and for 1 year (January-December 2012) after a change in transition PN guidelines was implemented in 2011. Infants included were those born less than 32 weeks' gestation with birth weights <2000 g, admitted to the NICU at Maimonides Infants and Children's Hospital during these study periods. Gestational age was estimated by obstetrical records obtained by early pregnancy ultrasound. Infants who were small for gestational age (birth weight below the 10th percentile when plotted on Fenton growth curves 12 ), diagnosed with short bowel syndrome, transferred to another facility, or died during their NICU stay were excluded. Since our analysis included growth and nutrition parameters during the transition phase, we also excluded infants whose transition phase coincided with the use of steroids or furosemide, or a diagnosis of sepsis (determined by a positive blood or urine culture) or edema (determined by clinical examination and out-of-proportion weight gain with stable vital signs), since growth rates during this time would not accurately reflect nutrient provision. We also excluded infants whose transition phases started within the first week of life if they were still in the postbirth diuresis phase, since weight gain could not be accurately calculated (Figure 1 ). The study was approved by the Institutional Review Board at Maimonides Medical Center.
Nutrition Management
PN was initiated within 24 hours of birth, containing dextrose at a glucose infusion rate (GIR) of 4-6 mg/kg/min, amino acids (Trophamine; McGaw, Irvine, CA) at 2-3 g/kg/d, and lipids (Intralipid; Clintec, Deerfield, IL) at 0.5-1 g/kg/d. Calories were advanced daily based on metabolic tolerance, with a goal GIR of 11-14 mg/kg/min, amino acids of 3-4 g/kg/d, and lipids of 3 g/kg/d. Trophic feeds of expressed breastmilk (EBM) or preterm formula were initiated 24-72 hours postbirth, maintained at volumes <20 mL/kg/d for 3-10 days (based on gestational age), and thereafter advanced by 10-20 mL/kg/d to goal feeds of 160 mL/kg/d. Table 1 describes our guidelines for nutrition provision during the transition phase, defined as EN volumes of 20 mL/ kg until full feeds (160 mL/kg). In the control group, the group that received a "volume-based" transition protocol, Figure 1 . Summary of inclusion of study and control population. SBS, short bowel syndrome; SGA, small for gestational age. *As detailed in the Patients and Methods section.
Transition PN Guidelines
PN prescriptions were written as if the infant was nil per os (NPO), and the PN rate was adjusted to maintain a total fluid provision of 140 mL/kg/d. PN was discontinued when enteral feeds volumes of 100-120 mL/kg/d were reached, and powder human milk fortifier (Similac HMF; Abbott Nutritionals, Columbus, OH) was added to breastmilk. If no breastmilk was available, the infant received preterm infant formula of 20 kcal/oz, switched to 24 kcal/oz (Similac Special Care 24; Abbott Nutritionals, Columbus, OH) at EN volumes of 100-120 mL/kg/d.
In the study group, a "nutrition-based" transition protocol designed to maintain targeted kcal and protein intakes was implemented. When the infant reached EN feeds of 50 mL/kg/d, PN nutrient prescriptions were concentrated in 100 mL/kg/d instead of the prescribed 140 mL/kg/d; consequently, each milliliter of PN provided approximately 40%-50% more dextrose and amino acids compared with our previous regimen. Parenteral dextrose, amino acid, and lipid prescriptions were adjusted daily to maintain a goal energy intake (combined feeds + PN) of 100-120 kcal/kg/d and protein intake of >3 g/kg/d, with parenteral lipids providing ≤50% of parenteral energy provision. Serum glucose and triglycerides were maintained within acceptable limits.
If the infant was fed breastmilk, powder human milk fortifier was added at EN volumes of 100-120 mL/kg/d, first at half-strength (22 kcal/oz) for 24 hours and then full strength (24 kcal/oz). If no breastmilk was available, preterm infant formula at 24 kcal/oz was used (Similac Special Care 24; Abbott Nutritionals) throughout the entire transition phase. PN was discontinued once the infant tolerated 100-120 mL/kg/d of enteral feeds.
Growth Outcomes
Body weights were measured 3 times weekly, on Mondays, Wednesdays, and Fridays. Growth rates (g/kg/d) and weightfor-age z scores at the start and end of the transition phase were calculated. Weight-for-age z scores at birth, after 1 week of life, and at 35 weeks' CGA were recorded. Growth velocity was calculated as grams per kilogram per day, by dividing the average daily weight gain (in grams) over the mean weight (in kilograms) during that time.
Calculation of Nutrition Intake
Energy and protein intakes and protein-energy ratios were calculated for all nutrition phases. For the PN phase, intakes were reported as an average of 3 days immediately prior to the transition phase, as a baseline comparison for intakes during the transition. PN nutrient intake during the transition phase was calculated at the volume-adjusted rate used to supplement enteral feeds to maintain prescribed total fluids, from enteral intakes of 30 mL/kg (when PN was likely to already be volume adjusted). For enteral feeds, EBM nutrient provision was estimated at 20 kcal/oz and 1.4 g protein/dL (accepted standards for preterm breastmilk nutrient composition 13 ), and formula intakes were calculated based on kilocalories and protein composition of formula provided by manufacturers. To allow for a more accurate comparison of energy intakes between PN and EN, enteral caloric intakes were adjusted for predicted energy losses due to incomplete absorption and specific dynamic action, calculated at 85% of their original caloric value.
14 Protein-energy ratios were calculated based on grams of protein provided per 100 kcal.
Clinical Factors
Clinical factors included in the analysis were those that are known to be associated with growth failure, such as bronchopulmonary dysplasia (BPD) (need for supplemental oxygen at 36 weeks' CGA), sepsis (confirmed by a positive blood or urine culture), necrotizing enterocolitis (NEC) (presence of Pneumatosis intestinalis), and intraventricular hemorrhage (diagnosed by ultrasound and if ≥ grade 3). 
Statistical Methods
The primary outcome of interest was the weight z score at the end of the transition phase and at 35 weeks' gestation, which was compared between the control and study groups.
We also compared demographic, clinical, and nutrition factors between the 2 study groups to identify factors other than the intervention that may influence weight z score at the end of the transition phase and at 35 weeks. Continuous variables such as birth weight, gestational age, protein intake, and total calories were analyzed using the Student t test and reported as mean ± standard deviation (SD). Categorical variables, including sex, ethnicity, and incidence of clinical morbidities (eg, sepsis, NEC, and BPD) were compared between the groups using the χ 2 test or Fisher exact test (for variables with value <5 in any cell) and reported as proportion and percentage. Univariate linear regression analysis was conducted to elucidate the contribution of protein intake and nonprotein energy intake on growth velocity among the case and control groups as well as among the subset of breastmilk-fed babies.
We conducted multivariate linear regression analysis to identify the independent association of the demographic, clinical, and nutrition factors that were associated with weight z score at the end of the transition phase and at 35 weeks. To elucidate the influence of the updated PN guidelines on the exclusively breastmilk-fed infants, we conducted a similar analysis on a subset of the study group that was exclusively fed breastmilk during their stay in the NICU and compared them with the control group. Statistical analysis was done using STATA version 12 (StataCorp LP, College Station, TX). P values were set a priori at .05.
Results
Demographic and Clinical Characteristics of the Study Sample
The demographic and clinical characteristics of the study group (n = 59), the EBM-fed subset of the study group (n = 41), and control infants (n = 134) are summarized in Table 2 . There were more males (P < .03) and lower rates of sepsis (P < .02) in the study group compared with the controls. Although the corrected gestational age of the study group at the start and end of the transition phase was lower compared with controls (start, 30.7 ± 0.4 weeks vs 31.4 ± 0.2 weeks, P < .001; end, 31.9 ± 0.4 wk vs 32.8 ± 0.2 wk, P < .001), the number of transition days did not differ (9.7 ± 3.5 days vs 10 ± 5.3 days, P = .48). Other demographic and clinical variables were similar between the groups. The difference in the proportion of males and rates of sepsis between the EBM-fed subset of the study group and controls did not reach statistical significance. 
Comparison of Growth Velocity Between Study and Control Groups
Baseline weight-for-age z scores at birth, at 1 week of age, and at the start of the transition phase were comparable between groups, but the z scores at the end of the transition phase were significantly higher in the study group compared with the control group (-1.1 ± 0.5 vs −1.3 ± 0.5; P < .01); this observation was consistent with the higher growth velocity during the transition phase seen in the study vs control group (16 ± 4.6 g/kg/d vs 13.2 ± 5.4 g/kg/d; P < .001). This difference in weight-for-age z score persisted at 35 weeks' CGA (-1.5 ± 0.6 vs 1.2 ± 0.7; P < .01, Table 3 ). Given the difference in sex and prevalence of sepsis between study groups, we investigated their contribution to weight-for-age z score at the end of the transition in the study group compared with the control group. While sepsis was associated with end-of-transition weight-for-age z score in both study (β = −0.55; 95% CI, −1.04 to −0.07; P = .03) and control groups (β = −0.22; 95% CI, −0.45 to −0.01; P = .04), there was no association of weight-for-age z score with sex. After adjusting for male sex and sepsis on multivariate regression analysis, weight-forage z score at the end of the transition phase remained a significant predictor of z score at 35 weeks in the study group (P < .001; Table 4 ). Because of the association between posttransition weightfor-age z scores and weight-for-age z score at 35 weeks, we examined the relationship between nutrient intakes during the transition phase and growth velocity. Energy, protein, and protein-energy ratios were higher overall in the study group compared with the control group (Figure 2 , Tables 5 and 6 ). This difference was mainly accounted for by increases in parenteral energy and protein provision in concentrated PN formulations. Univariate linear regression analysis revealed that protein intake and nonprotein energy intake during the transition phase contributed to transition growth velocity for both study and control groups. However, the contribution of protein was higher in the study group vs controls (ie, protein intake explained 9% of the total growth velocity in the study group while it explained 4.5% of the growth velocity in the control group). Similarly, nonprotein energy intake explained 9.5% of the total growth velocity in the study group while it explained 5.3% of the total growth velocity.
Comparison of Growth Velocity Between EBM-Fed Infants in Study Group and Controls
We compared all controls with the EBM-fed subset of our study group. Demographic and clinical data were comparable between the groups (Table 2 ). There were no differences in weight-for-age z scores at any time point (Table 3 ). However, growth velocity during the transition phase remained significantly better in the EBM-fed subset of the study group vs controls (15.9 ± 4.6 g/kg/d vs 13.2 ± 5.4g/kg/d, P = .007). Similar to our total study group, both protein and nonprotein energy (A) Energy intake during transition phase in study and control groups. *P < .05, total adjusted kilocalorie intake of study group vs controls. (B) Protein intake during transition phase in study and control groups. *P < .05, total protein intake of study group vs controls. (C) Protein-energy ratio during transition phase. *P < .05. EN, enteral nutrition; PN, parenteral nutrition.
intakes during the transition phase contributed to transition growth velocity for exclusively EBM-fed study and control groups. However, the contribution of protein was higher in the EBM-fed subset of the study group vs controls (ie, protein intake explained 20% of the total growth velocity in the EBM-fed subset of the study group while it explained 4.5% of the growth velocity in the control group). Similarly, nonprotein energy intake explained 18% of the total growth velocity in the EBM-fed subset of the study group while it explained 5.3% of the total growth velocity. 
Discussion
In this study, we demonstrate improved nutrition provision, growth rates, and weight-for-age z scores among premature infants vulnerable to extrauterine growth failure, after the implementation of a nutrient-based protocol designed to maintain targeted energy and protein intakes throughout the duration of the transition phase of nutrition. We demonstrated improved growth velocity during the transition phase, resulting in higher weight-for-age z scores at the end of the transition phase among the study group that persisted until 35 weeks' CGA, and remained a significant predictor of weight-for-age z score at 35 weeks' CGA even when corrected for other clinical factors. Higher weight-for-age z scores resulted from improvements in both protein and nonprotein energy intake during the transition phase.
As part of a multicenter study, our unit previously demonstrated extrauterine growth failure rates >30%. 3 We also previously reported that the slowest extrauterine growth was during the transition phase, which predicted growth failure at discharge and was related to inadequate energy and protein intakes during this phase. 4 To address this vulnerable period and promote continued growth, we established a nutrient-based transition protocol that resulted in significantly improved energy and protein intakes during the transition phase. The improvements in growth outcomes observed are consistent with previous studies that found better growth with increasing energy and protein intake throughout the NICU stay, [15] [16] [17] [18] although these improvements were not specifically associated with the critical period of extrauterine growth failure during the transition phase in these studies. While some studies implicate protein intake as the limiting nutrient factor for growth, 19 we demonstrated growth failure during the transition phase to be related to both protein and energy, likely since both are compromised during this phase. Thus, improvement of both protein and nonprotein energy is needed to prevent growth failure specific to the transition phase.
Since energy and protein intakes are more variable in EBM and thus adequate intakes to promote better growth are less assured compared with formula-fed intants, 20 we looked at the effects of our intervention specifically on growth outcomes of EBM-fed infants. Growth in this subset also improved, with better growth velocity during the transition phase mainly related to improved parenteral protein and nonprotein energy intakes. However, we did not observe differences in weightfor-age z scores at any time period. Several factors may have contributed to these findings. Other than the small sample size of the EBM-fed group, there was a bias in favor of the control group since growth rates in formula-fed infants are more ensured with fixed energy and protein intakes, and the control group comprised primarily formula-fed infants since historically, our rate of exclusive breastmilk use was low at ~12%. Thus, our improved growth outcomes in the EBM-fed subset are encouraging; indeed, the contribution of protein and energy to transition growth velocity was more pronounced overall in the breastmilk-fed only subset. This observation is promising in terms of its potential to decrease the incidence of extrauterine growth failure, as this intervention will better allow for the benefits associated with breastmilk use without compromising nutrient intakes during the transition phase, a problem likely to occur with the use of unfortified EBM during that time.
Our study highlights the importance of optimizing nutrition throughout the transition phase to maintain growth, avoiding energy and protein deficit associated with a lag in growth during a potentially critical window for neurological development, [5] [6] [7] [8] as well avoiding the need for future "catch-up" growth. There are emerging concerns regarding long-term adverse outcomes related to rapid weight gain during catch-up growth from growth-restricted preterm neonates. Metabolic syndrome has been reported in adulthood for term infants born small for gestational age, 21 related to high insulin resistance and redistribution of body fat. [21] [22] [23] Similarly, higher insulin resistance and increased intra-abdominal fat have been described among preterm infants at term gestational age compared with healthy term infants; one of the proposed reasons for these observations is rapid weight gain associated with excessive energy given to promote catch-up growth after extrauterine growth failure. 21, 22 There is also emerging evidence of metabolic syndrome among children and young adults born preterm. 24 We therefore hypothesize that avoiding both growth failure during the transition period and its associated catch-up growth may potentially influence short-term neurological and long-term metabolic complications.
One of the limitations of our study is its retrospective design. While overall nutrition guidelines were comparable between the groups, evolving trends in neonatal nutrition management were reflected in our study. For example, the higher baseline protein intake observed in the study group reflected a more aggressive PN protein provision. Furthermore, trophic feeds were started earlier and advanced more quickly among the study group compared with controls, reflected in the lower CGA observed in the study group during the transition phase. Despite these differences, the weight z scores at the start of the transition phase were comparable between the 2 groups but were significantly different at the end of the transition phase, and growth velocity (in g/kg/d) was significantly higher in the study group; thus, changes in early nutrition practices likely did not confound our findings. Although differences in enteral intakes during the transition phase did reach statistical significance during some time points, this was related to the small variation in enteral energy value within control infants, and these energy differences were likely not clinically significant. We also did not include infants whose feeds advancement happened earlier, within the first week of life while they were still in the phase of early diuresis weight loss, as well as infants with clinically determined edema, although the numbers excluded were small (n = 4 in study group and n = 14 in control group). In addition, as we focused primarily on the transition phase, shown to be an important phase for infants with extra-uterine growth retardation, we did not track nutrient intakes until 35 weeks. It is possible that differences in nutrient intakes on full feeds, from the end of the transition phase until 35 weeks, may have accounted for weight gain; however, we do report similar nutrient intakes once the infant reached full EN (Tables 5 and 6 ).
Despite significant improvements in protein intake under our revised protocol, total protein intake still fell below the recommended 3.5 g/kg at some points during the transition phase, and thus further adjustment of our transition guidelines to reach recommended protein intake, in particular for the EBM-fed infants, may be warranted. While some units use a more customized approach to PN, daily adjusting PN fluid/ nutrient volume to complement enteral feeds intake, this practice is labor intensive, is prone to error and electrolyte abnormalities, and supplies a PN formulation that is inadequate in the event that the feeds are held (for feeds intolerance, sepsis, etc). Our transition protocol may be a more practical alternative for units looking to optimize nutrition provision, given the ease with which both protein and energy intakes were improved with sustained impact on weight gain at 35 weeks' CGA.
Conclusion
We demonstrate improved growth in preterm infants after implementing a protocol designed to optimize nutrition provision by concentrating PN during the transition phase. This transition PN protocol is a simple, practical, and effective method to address the nutrient deficits inherent to the transition nutrition phase of preterm infants and may result in improved extrauterine growth.
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